Photoperiod-sensitive genic male sterile rice (PGMS) lines 27-8-33S referred to as P1 and P2, and IR-77271-42-25-4-36S, thermo-sensitive genic male sterile 16 (TGMS) line referred to as T were obtained from International Rice research Institute. These lines, 17 collectively known as environment genic male sterile lines, were sown under greenhouse growth 18 conditions where temperatures were more than 34˚C with an objective of inducing complete male 19 gamete sterility in them. Results indicated that high temperature growth conditions induces complete 20 male gamete sterility in both the PGMS and TGMS lines. The impact of this is that, it will be possible 21 to produce pure basmati hybrid rice seed in the tropical regions without contamination with pure 22 breed lines. The male sterile PGMS/TGMS were pollinated with pollen from basmati370 and 217 23 grown under natural conditions and some hybrid seeds were obtained. This shows that high 24 temperature emasculated the male gametes but not female ones. The conclusion is that it is possible 25 to induce complete male gamete sterility in PGMS and TGMS under greenhouse in tropical growth 26 conditions, and to produce hybrid rice seeds. This makes basmati hybrid rice seed production in 27 Kenya a viable venture.
improved yields in rice (10, and hybrids lines are reported to have a 20-25 percent yield advantage 48 over pure breeds (11) . However, some advantages of this have been eroded by diseases such as blast 49 (12). To overcome this, green super hybrid technology has been adopted that further increased 50 realizable rice yield per hectare by 12% above the normal hybrids (13). Advances in green super 51 hybrid technology started in China in 1996 and it targeted raising rice grain yield from about 10 52 tones to about 17 tones per hectare (14). The yield was realizable by combining hybrid vigour and 53 good agronomic traits such as disease resistance (15). According to Yuan Longping (16), rice yield 54 in China stands at about 17 tones per hectare. 55 A number of approaches have been used in hybrid rice production that include the three line system, 56 which utilizes cytoplasmic male sterility (CMS) (17) and the two line hybrid system that are referred 7 78 agricultural and livestock research organization (KALRO) Mwea, which is located at latitude 0.7°S 79 and longitude 37.37E where daylight length and night length are nearly equal (12hour).
80

Methods
81
Sowing and testing for adaptability of EGMS lines 82 Dormancy in EGMS and Basmati rice seeds was broken by submerging them in 2% H 2 O 2 for 72. A 83 fresh change of H 2 O 2 was done after every 24 hours. Thereafter, seeds were sown in germinating 84 plates in a nursery until seedlings were 21 days old. Transplanting of seedlings in the field was done 85 at spacing of 20cm x 20cm in growth troughs made of concrete blocks in the greenhouse (GH). 86 Control seedlings were sown outside the greenhouse under natural growth conditions. In each set 87 (inside and outside GH) basmati370 and 217 varieties were sown as the pollen donor parents. The 88 temperature in the GH was maintained to above 35 o C and 20 o C during the day and night times 89 respectively. During the day temperatures in the green house was regulated downwards by and 90 opening the door or and vents and conserved at night by closing the greenhouse. Plants were allowed 91 to grow till flowering when high temperature treatment was stopped.
92
Screening for male sterility 93 During the first 10 days after flowering, 10 plants per variety were selected and pollen samples were 94 taken once in every two days for pollen sterility testing. 
RESULTS
137
Induction of male sterility in EGMS varieties
138
The temperatures in the greenhouse (GH) and outside greenhouse (OGH) growth conditions were 139 by average 24˚c and 34˚c respectively. Within GH growth conditions, line P1, T and P2 recorded 140 pollen fertility of less than 2% while basmati370 and 217 recorded 25% and 21% respectively. All 141 lines grown under OGH conditions recorded over 60% pollen fertility (Fig 1) . The results effectiveness of GH to raise temperature and effectively induce complete sterility in 158 EGMS and subjected to unpaired T-test analysis are shown in table 1. Line P1 with 2.4*10 -11 had the 159 highest pollen sterility rate compared to basmati370 with5.6*10 -12 sterility levels when grown uder 160 GH coditions. On the other hand P1 with 6.9*10 -11 had lowest fertility levels compared to basmati370 161 that had 1.1*10 -4 (highest) among the parents under OGH growth conditions. However, there was 162 no significance difference in pollen sterility under GH and OGH growth conditions among all the 163 parental lines (Table 1a ). Some F1 seeds obtained in each cross breed are as recorded in Table 2 164 11 165 Over 80% of anthers locules from EGMS grown outside the greenhouse conditions, were filled with 168 conspicuous pollen grains (Fig 2a) , but locules for EGMS grown under greenhouse growth 169 conditions had no observable pollen grains (Fig 2b) (Table 4) . with 1% potassium iodide (Figs 1 and 2) . This is an indication that their pollen were completely 241 male gamete sterile (26) and thus cannot have self-fertilization at this time. Therefore, EGMS can 242 be pollinated with a pollen donor to produce hybrid seeds without adulteration from self-bred seeds. 370 and 217 grown under the GH growth conditions indicated that, they had significantly higher 263 seed set rate than EGMS (Fig 1) . This is an indication that they do not have thermo/photo sensitive 264 male sterility genes like the EGMS. Therefore, they can be used as pollen donor in hybrid rice 265 production programme.
267
Pollen sterility in lines P1, P2 and T grown under GH was over 97% and with a seed set rate of less 268 2% (Table 4 ). Thus, there was an inverse correlation between pollen sterility and seed set rate. This Unpaired t-test results in both GH and OGH growth environments had a significance variance at 280 p≤0.05for days to heading ( Table 5 ). The EGMS varieties P1 had the highest p-value followed by 281 P2 (Table 1) . Also, sterility is influenced by the level of temperature which influences the overall 282 level of pollen viability (Fig 1) . This explains why lines P1, T, and P2 did not have seeds under GH 283 growth conditions, unlike the ones grown under natural environment, and pollen donors lines 284 basmat370 and 217 (Figs 2 and 3) .
286
Lines TB217 and TB370 were better than the rest in anthesis (AD), days to heading (HD), and days 287 to maturity (MD) ( and 12hours of light length). This will allow production of basmati rice seeds in Kenya, using EGMS.
344
Yield traits, such as grain weight showed better performance in hybrid than the best performing 345 parent, thus, EGMS method can be used to increase yield in basmati370 and 217 through The EGMS can be tested areas of Kenya hotter than Mwea to test ability to produce hybrids outside 351 greenhouse growth conditions. 
